Introduction {#sec1-1}
============

Glaucoma drainage implants (GDIs) are reserved for the management of recalcitrant glaucoma in which intraocular pressure (IOP) control cannot be achieved by medications or laser.\[[@ref1]\] They also are indicated after a failed trabeculectomy, with or without an antimetabolite, or if there is extensive conjunctival scarring, iridocorneal endothelial syndrome, or intraocular inflammation.\[[@ref2]\] Glaucoma drainage devices play an important role in the management of congenital, neovascular, uveitic, and trauma-related glaucoma.\[[@ref3]\] Traditionally, GDIs are inserted into the anterior chamber. This approach may result in tube-cornea touch or endothelial decompensation,\[[@ref4][@ref5]\] the latter particularly after corneal transplantation.\[[@ref6]\] Pars plana placement of GDIs is considered when such complications are anticipated.\[[@ref7]--[@ref10]\] Tube placement in the vitreous cavity (vs. the anterior chamber) requires a concurrent pars plana vitrectomy (PPV) to prevent tube occlusion with vitreous.\[[@ref11]\]

We report our experience with 39 eyes of 38 patients who underwent combined pars plana Baerveldt tube insertion with PPV (herein referred to as 'combined procedure') and our evaluation of surgical complications and functional outcomes. We compared the changes in IOP, number of glaucoma medications, and visual acuity as well as rate and type of complications for 250 mm^2^ vs. 350 mm^2^ Baerveldt drainage devices combined with 20- or 23-gauge PPV.

Materials and Methods {#sec1-2}
=====================

Our retrospective study identified patients that underwent both PPV and pars plana Baerveldt tube placement at the Institute of Ophthalmology and Visual Science, New Jersey Medical School between 1997 and 2010. The University of Medicine and Dentistry of New Jersey Institutional Review Board committee approved the study. Only patients with \>6 weeks of follow-up were included. We did not include patients who had undergone a previous PPV. One patient who underwent PPV with Baerveldt tube revision (i.e., the tube was moved from the anterior chamber to the vitreous cavity through the pars plana) was also included in this series. Indications for Baerveldt tube implantation were determined by glaucoma specialists (RDF or PJL) based on individual needs of patients to control IOP and slow glaucoma progression. These indications included: 1) IOP\>21 mmHg despite maximal tolerated medical therapy (30 patients); 2) previously failed Express shunt placement (two patients); and 3) previously failed trabeculectomy with mitomycin C (two patients). A Baerveldt tube was placed in the other five patients with advanced glaucoma to attempt to attain long-term IOP control below a target value to decrease glaucoma progression.

For each patient, age at time of combined procedure, race, gender, past ocular history, past surgical history, type of glaucoma, indications for combined procedure, operative factors, status of lens, presence or absence of iris or angle neovascularization, complications, length of follow-up, and preoperative (i.e., exam prior to combined procedure) and final (i.e., last recorded follow-up visit) best-corrected visual acuity (BCVA), IOP, and number of glaucoma medications were recorded. The type of PPV procedure (20- or 23-gauge) was identified.

Visual acuity (VA) was considered "improved" if the final BCVA was two or more Snellen lines or one low-vision category \[e.g., change from hand motion (HM) vision to finger counting (CF)\] better than the preoperative BCVA. VA was considered "same" if preoperative and final BCVA were within two Snellen lines or the same low-vision category. VA was considered "decreased" if the final BCVA was two or more lines or one low-vision category worse than the preoperative BCVA.

Definitions of "success", "qualified success" and "failure" were used as previously defined in literature.\[[@ref10][@ref12][@ref13]\] Briefly, success was defined as a reduction in IOP to less than 22 mmHg and greater than 5 mm Hg without medication; qualified success was defined using the same IOP criteria but with the patient using glaucoma medication(s); and failure was defined as IOP of 22 mmHg or greater with medication, IOP of 5 mmHg or less or 22 mmHg or greater with the need for glaucoma reoperation, progression to VA of no light perception (NLP), phthisis, or enucleation. Only eyes with ≥6 months of follow-up were included in categorization of functional outcome.

The change from preoperative to final IOP and the number of glaucoma medications were analyzed for statistical significance (*P*\<0.05) using a paired t-test after passing the Shapiro-Wilks normality test and the Equal Variance test (SigmaPlot 11, Systat Software, Inc., San Jose, CA). Fisher\'s exact test was used to compare rates of complications and Kaplan-Meier survival curves were constructed using JMP statistical software (version 9; SAS Institute Inc., Cary, NC).

 {#sec2-1}

### Surgical technique {#sec3-1}

The surgical procedures were performed by one of two glaucoma specialists (RDF or PJL) and one of two retina specialists (NB or MAZ). Twenty-one (54%) 350 mm^2^ and 18 (46%) 250 mm^2^ Baerveldt drainage devices (Abbott Medical Optics, Inc., Abbott Park, IL) were used. The procedure consisted of a superior and temporal conjunctival peritomy followed by anchoring of the implant to the episclera in the superotemporal quadrant (8-10 mm posterior to the limbus). PPV was performed with scleral depression in 31 (79%) 20-gauge eyes and eight (21%) 23-gauge eyes, followed by placement of the Baerveldt tube through either the 23-gauge sclerotomy (in 23-gauge PPV) or a separate 23-gauge incision (in 20-gauge PPV). For 23-gauge vitrectomies, the sclerotomies were beveled and biplanar except for the supero-temporal one, which was used to place the Baerveldt tube and was created perpendicular to the sclera. All sclerotomies (except for the one with the Baerveldt tube through it) were closed with a suture at the end of the vitrectomy; the conjunctiva was sutured to the sclera using one 9-0 vicryl suture. The conjunctiva over the two sclerotomies was barely disturbed with this technique and was sutured with the sclerotomy at the end of the surgery. As noted above, the conjunctiva over the temporal sclerotomy was undermined and draped back by the glaucoma surgeon before the PPV to place the Baerveldt shunt. Twenty (51%) nylon (PJL) and 19 (49%) prolene (RDF) 4-0 stents were placed in the tube, and the tube was ligated with a 6-0 or 7-0 (20-gauge PPV) or an 8-0 (23-gauge PPV) vicryl suture near the tube-plate junction in 30 (77%) eyes at the discretion of the surgeon. Pericardium (five \[13%\] eyes) or an irradiated scleral graft (34 \[87%\] eyes) was used to cover the tube insertion site.

Results {#sec1-3}
=======

A total of 38 patients (39 eyes) were included in this evaluation. The demographics and preoperative characteristics of the cohort are shown in [Table 1](#T1){ref-type="table"}.

###### 

Patient demographics and preoperative data

![](OJO-5-19-g001)
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### Intraocular pressure {#sec3-2}

The changes in mean±standard deviation (SD) IOP and number of glaucoma medications with respect to the follow-up period are outlined in [Table 2](#T2){ref-type="table"}. At each selected time point (from 6 to 60 months), mean preoperative IOP and number of glaucoma medications were significantly (*P*\<0.05) reduced. Kaplan-Meier survival curve analysis of overall success for the 36 eyes with follow-up ≥6 months is shown in [Figure 1a](#F1){ref-type="fig"}. Median period of successful IOP control was 32.5 months (95% C.I., 24-44 months). The changes in IOP and number of glaucoma medications were both statistically significant (P\<0.05) irrespective of the size of the Baerveldt implant \[[Table 3](#T3){ref-type="table"}\] or vitrectomy gauge \[[Table 5](#T5){ref-type="table"}\].

###### 

Mean±SD intraocular pressure and number of glaucoma medication as a function of follow-up time

![](OJO-5-19-g002)

![Kaplan-Meier survival graphs up to the 60-month follow-up time point. "Success" includes patients defined as "success" and "qualified success", i.e., maintenance of intraocular pressure of 6-21 mmHg, with or without medications, without the need for glaucoma reoperation, progression to no light perception, phthisis, or enucleation. (a) Overall success (median, 32.5 months; 95% C.I., 24-44 months) for 36eyes with ≥6 months of follow-up. (b) 250 mm^2^ (*n*=17; median, 25 months; 95% C.I., 12-44 months) vs. 350 mm^2^ (*n*=19; median, 40 months; 95% C.I., 24-51 months) Baerveldt tube \[Log-rank test (*P*=0.62), Wilcoxon test (*P*=0.13)\]. (c) 23-gauge (*n*=8; median, 25.5 months; 95% C.I., 10-36 months) vs. 20-gauge (*n*=28; median, 38.25 months; 24-48 months) pars plana vitrectomy \[Log-rank test (*P*=0.05), Wilcoxon test (*P*=0.14)\]](OJO-5-19-g003){#F1}

###### 

Comparison of eyes with a 250 mm^2^ vs. a 350 mm^2^ Baerveldt drainage tube
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###### 

A comparison of eyes undergoing 20- vs. 23-gauge pars plana vitrectomy
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In the 36 eyes with ≥6 months of follow-up, eight (22%) eyes were a "success" with a mean±SD IOP of 14.9 ± 2.5 mmHg (range, 11-19 mmHg), 21 (58%) eyes were a "qualified success" with a mean±SD IOP of 13.5 ± 3.4 mmHg (range, 8-20 mmHg) on mean±SD 2.6 ± 1.2 (range, 1-5) glaucoma medications, and 7 (19%) eyes were a "failure" with a mean±S.D. IOP of 18.1 ± 13.8 mmHg (range, 4-38 mmHg) on mean±SD 1.1 ± 1.5 (range, 0-3) glaucoma medications. Of the failed eyes, one (14%) eye had an IOP of 30 mmHg on two glaucoma medications, two (29%) eyes were hypotonous (IOP=4 and 5 mmHg on zero glaucoma medications), two (29%) eyes had NLP vision (one became phthisical), and two (29%) eyes required GDI explantation for aqueous leakage (IOP=6 mmHg on zero glaucoma medications) and refractory diplopia (IOP=27 mmHg on two glaucoma medication). Six (86%) of seven failed eyes underwent a 20-gauge vitrectomy.

Nine (22%) eyes developed transient hypotony (IOP\<6 mmHg) within 12 months of the combined surgery (range, 1 day-12 months); six (67%) occurred within the first postoperative month (two on postoperative day-1 and five during postoperative week-1). One eye (11%) developed hypotony after stent removal. Hypotony was associated with shallow serous choroidal detachment in six (67%) eyes, in three (50%) of which the Baerveldt tube was not ligated. Macular retinal folds were noted in two (22%) of the nine eyes. Seven (78%) hypotonous eyes recovered normal IOP within 3 weeks. Two (22%) hypotonous eyes developed rebound intraocular hypertension one and one-and-a-half months after becoming hypotonous. The pressures were successfully stabilized in both eyes with medication. Overall, five (13%) eyes had a transient hypertensive episode (IOP\>21 mmHg) after the combined surgery (range, 6 days-3.5 months), four (80%) of which had a ligated Baerveldt tube. A final VA of 20/200 or better was achieved in five (56%) hypotonous eyes. Transient corneal edema developed in five (56%) eyes (range, 3 weeks-11.5 months).

### Visual acuity {#sec3-3}

Twenty-four (62%) eyes had a preoperative VA of 20/200 or worse. Ten (26%) eyes experienced an improvement in their VA, 15 (38%) remained unchanged, and 14 (36%) had decreased vision. Two (14%) of the 14 eyes with diminished vision achieved a final VA of NLP. The first was due to neovascular glaucoma (NVG) with uncontrolled high IOP, and the second was due to progressive congenital glaucoma with increased IOP refractory to glaucoma medications and 270-degree transscleral diode cyclophotocoagulation. The eye with NVG became phthisical.

### Complications {#sec3-4}

Postoperative complications not requiring surgical intervention occurred in 24 (62%) eyes. These included 10 (26%) eyes with serous choroidal detachment, two of which were large, non-appositional choroidals with overlying shallow exudative retinal detachments; nine (23%) eyes with transient hypotony; five (13%) eyes with transient ocular hypertension; four (10%) eyes with retinal hemorrhage; two (5.1%) eyes with vitreous hemorrhage; two (5.1%) eyes with cystoid macular edema; two (5.1%) eyes with epiretinal membrane formation; and one (2.6%) eye with vitreous partially occluding the Baerveldt tube. The eye with partial occlusion had an IOP of 21 mmHg on zero glaucoma medications before being lost to follow-up 2 months after the combined procedure. Five (13%) eyes underwent additional surgery within 12 months of the combined surgery \[[Table 4](#T4){ref-type="table"}\]. Intraoperative hyphema was encountered in an eye with florid rubeosis with neovascular glaucoma.

###### 

Complications requiring additional surgery within 12 months of combined vitrectomy and glaucoma drainage implant placement
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### 250 mm^2^ vs. 350 mm^2^ Baerveldt drainage device {#sec3-5}

Eighteen eyes underwent 250 mm^2^ while 19 underwent 350 mm^2^ Baerveldt tube placement \[[Table 3](#T3){ref-type="table"}\]. Significant differences included percent Caucasian ethnicity (*P*=0.04) and type of vitrectomy used (*P*=0.0007). No differences were elucidated in terms in reduction in preoperative IOP and number of glaucoma medications, effects in VA, IOP control, or rate of complications. Although not statistically significant, the time to failure was longer while using the 350 mm^2^ vs. 250 mm^2^ Baerveldt tube (median, 40 vs. 25 months, respectively; [Figure 1b](#F1){ref-type="fig"}).

### 20- vs. 23-gauge vitrectomy {#sec3-6}

23-gauge vitrectomy was performed in eight (21%) eyes \[[Table 5](#T5){ref-type="table"}\]. Open-angle glaucoma was diagnosed in five (50%) eyes, traumatic glaucoma in one (13%) eye, angle-closure glaucoma in one (13%) eye, and uveitic glaucoma in one (13%) eye. All eight eyes received a 250 mm^2^ Baerveldt drainage tube (*P*=0.0007 vs. 20-gauge vitrectomy eyes). Mean±SD preoperative IOP and number of glaucoma medications were significantly (*P*\<0.05) decreased by the combined procedure. Effects on visual acuity and IOP were similar to eyes undergoing 20-gauge vitrectomy \[[Table 5](#T5){ref-type="table"}\]. Although not statistically significant, the time to failure was longer in 20- vs. 23-gauge vitrectomy eyes (median, 38.25 vs. 25.5 months, respectively; [Figure 1c](#F1){ref-type="fig"}). While the rate of postoperative day-1 hypotony was significantly higher (*P*=0.04) in 23- vs. 20-gauge eyes, these eyes also had a significantly (*P*=0.009) lower rate of tube ligation \[[Table 5](#T5){ref-type="table"}\].

Extensive, nonappositional hemorrhagic choroidal detachments were identified in one eye on postoperative day-1 with an IOP of 42 mmHg. This complication was treated successfully with choroidal drainage on postoperative day-12. However, 11 months after the combined surgery, the patient requested GDI removal due to diplopia \[[Table 4](#T4){ref-type="table"}, case 5\]. Six weeks later, IOP rose to 31 mmHg (on zero glaucoma medications). At last follow-up, 4 months after GDI explantation, the IOP was 27 mmHg on three glaucoma medications with subjective improvement in diplopia.

Discussion {#sec1-4}
==========

Combined pars plana GDI tube insertion and PPV can preserve vision, reduce IOP, and reduce the number of glaucoma medications needed to achieve target IOP in selected patients with refractory glaucoma. Traditionally, GDI tubes have been placed in the anterior chamber. While the overall rate of functional success (i.e., reduction in IOP and number of glaucoma medications) with this approach is similar to that of pars plana Baerveldt tube placement, posterior chamber GDI tube placement is indicated for patients with anterior segment abnormalities.\[[@ref4][@ref5]\] Tube-cornea touch and endothelial decompensation has been reported in 8-20% and 17-19% of GDIs placed in the anterior chamber, respectively.\[[@ref4][@ref5]\] The risk of corneal graft failure is increased, possibly due to bidirectional flow of antigenic materials between the anterior chamber and subconjunctival space.\[[@ref6]\] Therefore, a different surgical approach in which one places the GDI tube away from the cornea in eyes that have primary corneal disease may have merit. Alternative approaches to inserting GDI have been explored. Rumelt and associates reported three successful cases of placing a GDI tube into the ciliary sulcus, without posterior segment complications or corneal decompensation.\[[@ref14]\] A summary of published series on functional outcomes and complications after pars plana GDI placement in combination with PPV is provided in [Table 6](#T6){ref-type="table"}.

###### 

A summary of published cases of functional outcomes and complications of pars plana glaucoma drainage device placement
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Results of our study suggest that pars plana GDI placement can be an effective treatment in eyes with refractory glaucoma and existing/potential corneal abnormalities. The final IOP and number of glaucoma medications required for IOP management were reduced significantly (*P*\<0.05) by the combined procedure. Thirty-five (90%) eyes had an IOP between 6 and 21 mmHg at last follow-up examination, while success was achieved in 82% of eyes. These rates were similar to those seen in other studies of pars plana GDI placement \[[Table 6](#T6){ref-type="table"}\].

Visual acuity improved or remained the same in 25 (64%) eyes. Results from previously published comparable series on pars plana GDI placement reported better or unchanged vision in 60-85% of eyes \[[Table 6](#T6){ref-type="table"}\]. In our series, 14 (36%) eyes underwent one or more penetrating keratoplasty procedures for corneal decompensation and graft failure, and eight (21%) eyes had a failed trabeculectomy prior to the combined procedure. Two (6.5%) eyes that underwent 20-gauge vitrectomy had NLP vision at last visit due to advanced glaucoma and uncontrolled high IOP. Advanced corneal and glaucomatous disease status in our cohort, as well as additional surgical procedures required to manage various complications \[[Table 4](#T4){ref-type="table"}\], may have precluded the improvement in VA in more eyes, thereby accounting for the difference in stabilization or amelioration of vision between this and previous studies.

The overall rates of various complications reported here are similar to the previously published series \[Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}\]. A number of studies have reported tube occlusion as a rare complication. Singh and associates\[[@ref15]\] reported an 85% success in reopening blocked tube shunts by Nd: YAG laser membranectomy. Subsequent reblockage was seen in 54% of the cases (mean, 2 months). These patients were managed by repeat laser membranectomy, transscleral diode cryophotocoagulation, and/or surgical repositioning of the tube. In our study, vitreous occlusion of the tube was observed in two (5.1%) eyes. One required surgical management ([Table 4](#T4){ref-type="table"}, case 4), and the other was lost to follow-up 2 months after the combined procedure. At last visit, the eye that underwent a subsequent surgical procedure had an IOP of 17 mmHg on three glaucoma medications with 20/40 vision. The eye that was lost to follow-up had an IOP of 21 mmHg on zero glaucoma medications with HM vision at the last visit. None of the eyes in our study developed corneal decompensation, the prevention of which was one of main reasons for pars plana Baerveldt tube placement.

Recently, a study was published regarding the use of the combined procedure in pediatric population. Banitt *et al*. showed successful IOP control in 85%, 81%, and 72% of cases at 12-, 24-, and 36-month follow-up time points along with a reduced rate of anterior chamber complications in 30 aphakic and pseudophakic children receiving pars plana Baerveldt tube placement.\[[@ref16]\] Although pars plana Baerveldt tube placement is effective in managing refractory pediatric glaucoma, rate of posterior segment complications can be high.\[[@ref17]--[@ref19]\] In the above mentioned study, retinal detachment occurred in four (13%) eyes and hemorrhagic choroidals in one (3.3%) eye. In our study, three (7.7%) eyes developed hemorrhagic choroidals and one of them (2.6%) also developed vitreous hemorrhage and retinal detachment. In addition, the failure rate of successful IOP control in the pediatric population may be inversely related to the patient age at time of surgery.\[[@ref18]\] Further studies may be warranted to elucidate this relationship.

Although larger Baerveldt implants allow better IOP control while using fewer glaucoma medications, they are also associated with higher rates of some complications such as choroidal effusion and strabismus.\[[@ref20]\] The decision to place a 250 mm^2^ vs. a 350 mm^2^ Baerveldt tube in our series was at the discretion of the surgeon and was driven by maximization of long-term IOP control. In another series by Britt *et al*.,\[[@ref17]\] comparing a 350 mm^2^ to a 500 mm^2^ Baerveldt implant in 107 patients, the rate of improvement in visual acuity, complications, and IOP reductions were statistically insignificant between the two cohorts. The observed outcomes in our study closely mirrored the findings in the above-mentioned studies \[[Table 3](#T3){ref-type="table"}\]. In addition, the length of time to failure was not significantly different in eyes with 250 mm^2^ vs. 350 mm^2^ Baerveldt tube (median, 40 vs. 25 months, respectively; [Figure 1b](#F1){ref-type="fig"}).

Recently reported benefits of small-gauge vitrectomy include reduced ocular inflammation, reduced trauma to ocular tissues, and reduced flow of intraocular fluid.\[[@ref18]\] In our series, the overall outcomes of eyes undergoing 20- vs. 23-gauge vitrectomy were very similar \[[Table 5](#T5){ref-type="table"}\]. In addition, the length of time to failure was not significantly different in 20- vs. 23-gauge eyes (median, 38.25 vs. 25.5 months, respectively; [Figure 1c](#F1){ref-type="fig"}). The only significant difference, which was likely related to the status of Baerveldt tube ligation, was the higher rate of transient hypotony on post-operative day-1 in 23-gauge eyes. Hypotony resolved within the next two weeks without the need for subsequent surgical intervention. Although transient hypotony was noted in three 23-gauge patients, it unlikely was related to the type of PPV due to the surgical technique. The cannula system used for the 23-gauge PPV may be protective against the risk of causing retinal tears.\[[@ref19]\] Also, since the same sclerotomy site is used for vitrectomy and to place the Baerveldt drainage tube in the eye, there may be a decreased risk of vitreous occlusion due to the thoroughness of vitreous base trimming that can be achieved in that localized area. Our study noted no difference between eyes undergoing 20- vs. 23-gauge vitrectomy in terms of functional outcome or the incidence of postoperative complications. Prospective studies with a larger number of eyes undergoing 23-gauge vitrectomy are required to evaluate the potential benefits of this procedure.

The limitations of this study include its retrospective design, variable severity of disease, and involvement of multiple surgeons. Some of the differences in outcomes between subgroups may be related to surgeon rather than surgical technique. Direct comparison of results among studies of GDI is difficult because of differences in study populations, severity of glaucoma, diversity in types of utilized GDI (valved, plate size, etc.), lack of uniformity in surgical procedures (technique for tube ligation, pneumostenting and/or use of antimetabolites), and definition of success.\[[@ref20]\] There seems to be general consensus that the success rate, as judged by IOP control and development of complications, is similar among different types of implants; however, the complication profile may differ based on the type of GDI.\[[@ref14]\]

Overall, combined GDI implantation through the pars plana and PPV preserved VA, effectively reduced IOP, and produced few complications in patients with refractory glaucoma who were at risk for corneal decompensation. While functional and visual outcomes, and rate and type of complications were similar in eyes receiving a 250 mm^2^ vs. a 350 mm^2^ Baerveldt drainage tube, the time to failure was considerably longer in 350 mm^2^ vs. 250 mm^2^ Baerveldt tube. Besides the rate of transient hypotony on postoperative day-1, our series did not find differences between eyes undergoing 20- vs. 23-gauge vitrectomy; however, the time to failure was longer in 20- vs. 23-gauge PPV. The results of our study, however, are limited by a small sample size of 23-gauge combined PPVs.
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